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ABSTRACT 

Seve ra l  problems were encountered du r ing  t h e  l a s t  f e w  
weeks be fo re  t h e  Apollo 1 3  launch. These problems inc luded  a 
h i g h e r  t han  expected hea t - leak  i n  t h e  LM-SHe tank  and impending 
i l l n e s s  t o  t h e  CM p i l o t  o f  t h e  prime f l i g h t  c r e w  (which neces- 
s i t a t e d  s u b s t i t u t i n g  a member of t h e  backup f l i g h t  c r e w ) .  I t  
appears  t h a t  t h e r e  are some a c t i o n s  which could be taken t o  
reduce t h e  impact of s i m i l a r  problems fo r  f u t u r e  l u n a r  miss ions .  

The h ighe r  t h a n  expected h e a t  l e a k  of t h e  LM-SHe t a n k  
w a s  a t t r i b u t e d  t o  a very  smal l  amount of GN2 t h a t  had leaked  by 

osmosis i n t o  t h e  tank  annulus du r ing  a s t o r a g e  p e r i o d  of 4-5 
y e a r s .  S ince  SHe tanks  f o r  f u t u r e  miss ions  w i l l  exper ience  
p r o g r e s s i v e l y  longe r  s t o r a g e  p e r i o d s  (and p o s s i b l e  s i m i l a r l y  de- 
graded vacuums i n  t h e  tank  a n n u l u s ) ,  an  e a r l y  hea t - leak  check of  
t h e  remaining SHe t anks  may be a p p r o p r i a t e .  

S u b s t i t u t i o n  of a prime f l i g h t  crewman wi th  a back-up 
crewman may have been a d i f f e r e n t  s i t u a t i o n  i f  one of t h e  LM 
c r e w  had been involved.  Consider ing f u t u r e  mis s ions :  (1) changes 
i n  t r a i n i n g  f o r  t h e  backup crew may be r equ i r ed  t o  f a c i l i t a t e  
s u b s t i t u t i o n s  of s i n g l e  crew members, e s p e c i a l l y  f o r  t h e  LM c r e w  
w i th  r e s p e c t  t o  photography, s i t e  t r a v e r s e s ,  LRV o p e r a t i o n s ,  e tc . ,  
( 2 )  backup c r e w  t r a i n i n g  could be cont inued  r i g h t  up t o  launch t o  
f a c i l i t a t e  p o t e n t i a l  crew s u b s t i t u t i o n s ,  and ( 3 )  backup crew t r a i n -  
i n g  could  cont inue  up t o  launch i f  t h e  mission s l i p s  a month due 
t o  weather o r  mechanical d i f f i c u l t i e s .  
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The major problems encountered d u r i n g  t h e  l a s t  few weeks 
b e f o r e  t h e  Apollo 1 3  launch inc luded  (1) a cons ide rab ly  h i g h e r  
than  expec ted  h e a t  l e a k  i n  t h e  LM-SHe t a n k ,  and ( 2 )  impending ill- 
ness  t o  a member of t h e  prime f l i g h t  crew. The fo l lowing  b r i e f l y  
d i s c u s s e s  t h e s e  problems and p o i n t s  o u t  some c o n s i d e r a t i o n s  t h a t  
may reduce t h e  impact of s imilar  problems dur ing  p r e p a r a t i o n s  f o r  
f u t u r e  l u n a r  mis s ions .  

A .  LM-SHe TANK 

1. N o r m a l  Prelaunch Operat ions 

During pad o p e r a t i o n s , t h e  f i r s t  t i m e  t h e  LM-SHe t ank  i s  
f i l l e d  wi th  LHe i s  du r ing  the  Countdown Demonstration TEST (CDDT) 
a t  T-48 hours .  A f t e r  an  i n i t i a l  f i l l ,  t h e  S H e  tank i s  al lowed t o  
cold-soak f o r  %28 hours  a f t e r  which t h e  tank  i s  topped o f f  and 
p r e s s u r i z e d .  During t h e  cold-soak p e r i o d ,  p r e s s u r e  i n  t h e  tank  
begins  b u i l d i n g  due t o  n a t u r a l  h e a t  l eak  and i s  p e r i o d i c a l l y  
vented .  The r a t e  of p re s su re  bu i ldup  i s  c a r e f u l l y  noted  p r i o r  t o  
each ven t ing .  Normally, t h e  p r e s s u r e  bui ldup  i s  i n i t i a l l y  about  
9 .2  l b s / h r  ( spec  l i m i t  i s  1 0  l b s / h r )  , which e v e n t u a l l y  drops  t o  
7.5-8 l b s / h r  by T-20.5 hours when SHe topoff  o p e r a t i o n s  are com- 
menced. LM-SHe o p e r a t i o n s  during launch countdown a r e  i d e n t i c a l  
t o  t h o s e  performed dur ing  CDDT. 

2 .  Problem A r e a  

During t h e  LM-SHe tank cold-soak p e r i o d  i n  t h e  CDDT, a 
cons ide rab ly  h ighe r  than  expected hea t - leak  w a s  exper ienced  -- 
about  1 7  l b s / h r  -- which even tua l ly  dropped t o  j u s t  under t h e  
1 0  l b s / h r  spec .  l i m i t .  
i n g  t h e  vacuum i n  t h e  tank annulus (GN2 i s  normally k e p t  i n  t h e  

S H e  t anks  dur ing  s t o r a g e  t o  p reven t  c o r r o s i o n ) .  The hypo thes i s  
was t h a t  a very  s l i g h t  amount of GN2 had,  over a pe r iod  of 4-5  

y e a r s ,  leaked (by osmosis) i n t o  t h e  tank  annulus .  

The problem was a t t r i b u t e d  t o  GN2 degrad- 
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3. I m p l i c a t i o n s  f o r  Future  Missions 

A s  i n d i c a t e d  above, t h e  GN2 i n  t h e  Apollo 13  LM-SHe t ank  
appa ren t ly  degraded t h e  vacuum i n  t h e  t ank  annulus  du r ing  s t o r a g e ,  
a p e r i o d  of 4-5 y e a r s .  I t  should be noted  t h a t  a s i m i l a r  b u t  
p r o g r e s s i v e l y  longe r  s t o r a g e  pe r iod  w i l l  be exper ienced  by subse-  
quen t  LM-SHe t a n k s .  The i m p l i c a t i o n  f o r  f u t u r e  miss ions  i s  t h a t  
t h e  vacuum i n  some of t h e  t a n k s  may degrade s u f f i c i e n t l y  t o  r e q u i r e  
changeout.  I t  i s  t h e r e f o r e  suggested t h a t  it might be a p p r o p r i a t e  
t o  conduct an e a r l y  hea t - l eak  check of t h e  remaining LM-SHe t a n k s .  

B. FLIGHT CREW 

1. Normal Prelaunch Operat ions 

U n t i l  5-6 weeks before  a launch t h e  prime and backup f l i g h t  
c r e w s  are supposedly on an  equal  b a s i s  from t h e  s t a n d p o i n t  of t r a i n -  
i n g .  A f t e r  t h e  F l i g h t  Readiness T e s t  ( F R T ) ,  t h e  t r a i n i n g  of t h e  t w o  
c r e w s  d ive rges  wi th  t h e  backup c r e w  s e r v i n g  t o  h e l p  complement t h e  
f i n a l  t r a i n i n g  of t h e  prime crew f o r  t h e  miss ion .  

2 .  Problem A r e a  

S h o r t l y  a f te r  s ta r t  of t h e  precount  o p e r a t i o n s ,  it w a s  
announced t h a t  a member of t h e  backup c r e w  had been exposed t o ,  and 
p o s s i b l y  had c o n t r a c t e d ,  German measles. Unfo r tuna te ly ,  t h e  prime 
c r e w  was i n  t u r n  s i m i l a r l y  exposed, and l a t e r  it w a s  determined 
t h a t  t h e  Command Module (CM) p i l o t  (Mat t ing ly)  d i d  n o t  have an 
immunity t o  t h e  desease  a s  d i d  t h e  o ther  t w o  crewmen. 
an a c c e l e r a t e d  t r a i n i n g  review program w a s  i n i t i a t e d  f o r  Swige r t ,  
t h e  backup CM p i l o t ,  so t h a t  he could  s u b t i t u t e  f o r  Mat t ing ly  and 
the reby  save t h e  mission from having t o  be s l i p p e d  t o  t h e  n e x t  
monthly oppor tun i ty  i n  May. 

Accordingly,  

3 .  Impl i ca t ions  f o r  Future  Missions 

The s u b s t i t u t i o n  of a member of t h e  prime f l i g h t  c r e w  wi th  
a backup crewman was f o r t u i t o u s  i n  t h a t  t h e  f l i g h t  crewman r e p l a c e d  
w a s  t h e  CM p i l o t .  
b e f o r e  launch might have presented  a somewhat d i f f e r e n t  s i t u a t i o n .  
The d e c i s i o n  t o  r e p l a c e  t h e  CM p i l o t  on Apollo 13 sugges t s  several 
c o n s i d e r a t i o n s  f o r  f u t u r e  miss ions :  

Switching a m e m b e r  of t h e  LM c r e w  a few days 

a.  Fu tu re  missions rndy  i -eq~ire G change ir? t r a i n i n g  f o r  
t h e  backup c r e w  t o  f a c i l i t a t e  s i m i l a r  ( i . e .  one man) 
s u b s t i t u t i o n s ,  e s p e c i a l l y  f o r  t h e  LM c r e w  w i th  r e s p e c t  
t o  photography, s i t e  traverses, LRV o p e r a t i o n s ,  e tc .  



BELLCOMM, INC.  - 3 -  

b. Backup c r e w  t r a i n i n g  could  be cont inued  r i g h t  
up t o  launch t o  f a c i l i t a t e  p o t e n t i a l  c r e w  
s u b s t i t u t i o n s .  

c .  Backup c r e w  t r a i n i n g  could  a l so  con t inue  up 
t o  launch i f  t h e  miss ion  s l i p s  a month due t o  
weather  o r  mechanical d i f f i c u l t i e s .  
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